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(57) Abstract 
[Problem] 

To provide, in the technical sectors of machining and construction, a radio wave-absorbing 
reactive material that enables facile execution of operations such as highly heat-resistant 
precision bonding, molding, and repair. 

.[Solution] 

The characteristic feature is the dispersion of a radio wave-absorbing substance capable of 
converting radio wave energy into heat, e.g., particulate or fibrous carbon, metal, or ferrite, in a 
thermosetting or thermoshrinking resin matrix, e.g., thermosetting resin capable of a heat- 
induced crosslinking reaction. The desired operation is carried out by inducing curing or 
shrinkage by exposing the aforesaid radio wave-absorbing reactive material, or a molding 
thereof, to radio waves. 
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Claims 

[Claim 1] Radio wave-absorbing reactive material in which a radio wave-absorbing 
substance capable of converting radio wave energy into heat is dispersed in a thermosetting or 
thermoshrinking resin matrix. 

[Claim 2] The radio wave-absorbing reactive material described in claim 1 , characterized in 
that the aforesaid radio wave-absorbing substance is selected from particulate and fibrous 
carbon, metal, and ferrite. 

[Claim 3] The radio wave-absorbing reactive material described in claim 1 or 2, 
characterized in that the aforesaid thermosetting resin or thermoshrinking resin is resin 
capable of a heat-induced crosslinking reaction. 

[Claim 4] Molding of radio wave-absorbing reactive material, as characteristically afforded 
by the molding, into a desired shape, of radio wave-absorbing reactive material in which a 
radio wave-absorbing substance capable of converting radio wave energy into heat is 
dispersed in a thermosetting or thermoshrinking resin matrix. 

[Claim 5] Working method, characterized by 

filling, into a specified space on the adherend, a radio wave-absorbing reactive material in 
which a radio wave-absorbing substance capable of converting radio wave energy 
into heat is dispersed in a thermosetting or thermoshrinking resin matrix, and 

exposing the fill site to radio waves. 

[Claim 6] Working method, characterized by 

joining a plurality of bonding elements by means of joining members molded from a radio 
wave-absorbing reactive material in which a radio wave-absorbing substance 
capable of converting radio wave energy into heat is dispersed in a thermosetting or 
thermoshrinking resin matrix, and 

exposing said joining members to radio waves. 
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D tailed Descripti n f th Invention 

[0001] 

Field of the invention 

This invention relates to a radio wave-absorbing reactive material that is used for operations 
such as bonding, molding, repair work, etc., in the technical sectors of machining and 
construction. This invention also relates to moldings of said material and to working methods 
that use said material and/or moldings. 

[0002] 

Description of the Prior Art 

The working methods in machining and construction have heretofore relied mainly on 
mechanical procedures. In the field of construction, the materials used in operations such as 
filling and bonding are mortar and steel frame, which has made it difficult to carry out highly 
precise operations. It is difficult with just these known construction materials to carry out the 
highly precise operations that would, for example, give a building that could hold a vacuum or 
not suffer from water leakage. In order to make possible a simple bonding operation, 
Japanese Laid Open (Unexamined or Kokai or A) Patent Application Number Sho 63-63773 
(63,773/1988) describes a bonding method in which the capacity to absorb electromagnetic 
radiation is imparted to the bonding zone of thermosetting or heat-meltable adherends; 
bonding is carried out by exposure to electromagnetic radiation in order to heat the region 
around the bonding zone. This method does offer the advantage of enabling the selective 
heating of a specific region based on exposure to electromagnetic radiation; it is, however, 
limited to adherends that are meltable or curable by heat. Moreover, there are also limitations 
on the positioning of the material that imparts the capacity to absorb electromagnetic radiation, 
which imposes limitations on the applicable sites and shapes. Furthermore, this method was 
not applied to precision operations. 

[0003] 

Notwithstanding the fact that the technology of inducing heating through exposure to 
electromagnetic radiation is widely known, the use of energy from electromagnetic radiation as 
a working or operating method has heretofore been limited in machining and the construction 
sector to, for example, electrostatic processing, electric welding, and photocuring. The current 
situation is that a high-precision working or operating method has yet to be realized in this 
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sector. As one solution to this problem, the inventors discovered a radio wave-absorbing 
reactive material that has a thermoplastic character and have already filed Japanese Patent 
Application No. Hei 10-329929 (329,929/1998) to cover this technology. The present invention 
has the same properties, but also provides an improved heat resistance. 

[0004] 

Problems to Be Solved by the Invention 

In specific terms, then, an object of this invention is to provide, in the technical sectors of 
machining and construction, a radio wave-absorbing reactive material that provides a worked 
or processed part with an excellent heat resistance and that enables facile execution of 
operations such as precision bonding, molding, and repair. Another object of this invention is 
to provide moldings of radio wave-absorbing reactive material, said moldings comprising the 
aforesaid radio wave-absorbing reactive material preliminarily molded into operation-adapted 
shapes. Yet another object of this invention is to provide working methods that enable the 
facile execution in the technical sectors of machining and construction of processes such as 
highly heat-resistant precision bonding, molding, repair work, etc. 

[0005] 

Means Solving the Problems 

The radio wave-absorbing reactive material according to this invention is characterized by the 
dispersion in a thermosetting or thermoshrinking resin matrix of a radio wave-absorbing 
substance capable of converting radio wave energy into heat. In preferred embodiments, the 
radio wave-absorbing substance referenced here is selected from particulate and fibrous 
carbon, metal, and ferrite, while the aforesaid thermosetting or thermoshrinking resin is resin 
capable of a heat-induced crosslinking reaction. The inventive molding of radio wave- 
absorbing reactive material is characteristically afforded by the molding, into a desired shape, 
of radio wave-absorbing reactive material in which a radio wave-absorbing substance capable 
of converting radio wave energy into heat is dispersed in a thermosetting or thermoshrinking 
resin matrix. More specifically, the aforesaid radio wave-absorbing reactive material is 
adapted to the particular application or working site by being pre-molded into a molding with an 
optimized shape; this is devised in order to improve the useability and broaden the range of 
applications. 
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[0006] 

The inventive working method is characterized by 

filling, into a specified space on the adherend, a radio wave-absorbing reactive material in 
which a radio wave-absorbing substance capable of converting radio wave energy 
into heat is dispersed in a thermosetting or thermoshrinking resin matrix, and 

exposing the fill site to radio waves. 

The inventive working method for joining a plurality of bonding elements is characterized by 

joining a plurality of bonding elements by means of joining members, such as bolts and 
washers, molded from a radio wave-absorbing reactive material in which a radio 
wave-absorbing substance capable of converting radio wave energy into heat is 
dispersed in a thermosetting or thermoshrinking resin matrix, and 

exposing said joining members to radio waves. 

[0007] 

Embodiments 

This invention will be described in detail in the following. The inventive radio wave-absorbing 
reactive material comprises the dispersion, in a thermosetting or thermoshrinking resin matrix, 
of a radio wave-absorbing substance capable of converting radio wave energy into heat, for 
example, particulate or fibrous carbon, metal, or ferrite. When this radio wave-absorbing 
substance is exposed to radio waves, for example, microwave radiation, the radio wave- 
absorbing substance generates heat and this heat induces a curing reaction or shrinkage 
reaction in the resin matrix in which the radio wave-absorbing substance is dispersed. For 
example, the radio wave-absorbing reactive material can be filled in a fluid state into a 
particular crack; the radio wave-absorbing substance can then be heated through exposure to 
radio waves in order to thermally induce the curing reaction in the resin; and repair of the crack 
can be effected concomitant with cure of the resin fill. This enables a precise operation to be 
carried out that can block water and gases. 

[0008] 

The radio wave-absorbing substance according to this invention enables a variety of 
operations to be carried out based on utilization of its ability to cause curing or shrinkage 
(volume reduction due to crosslinking) through the evolution of heat. More specifically, 
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exposure of a washer or bolt molded using the radio wave-absorbing substance to radio waves 
results in the generation of heat, causing a shrinkage of approximately 0.1 to 1.5% 
accompanying cure and generating a pressing force on the weld. This enables a precise 
operation and assembly capable of blocking water and gases. 

[0009] 

The material constituting the inventive radio wave-absorbing substance will be described in 
detail hereinbelow. The radio wave-absorbing substance is a source of heat for inducing the 
curing reaction in the thermosetting or thermoshrinking resin (as appropriate, a resin that is 
cured by the application of heat is hereafter referred to as a thermosetting material, while a 
resin that shrinks upon heating is hereafter referred to as a thermoshrinking material), and a 
low-volume radio wave-absorbing substance uniformly dispersed in the matrix is preferred 
from the perspective of inducing an efficient and uniform softening or melting of the 
thermosetting material or thermoshrinking material. The radio wave-absorbing substance 
therefore preferably has a particulate or fibrous shape. This radio wave-absorbing substance 
may be any material that has the capacity to convert radio wave energy to heat, but 
considered in terms of dispersibility, safety, and ease of acquisition, carbon, metal, and ferrite 
are preferred examples in material terms. In terms of shape it is preferably particulate or 
fibrous. Specific examples of usable radio wave-absorbing substances are carbon fiber and 
finely divided carbonaceous particles such as carbon black, metal fibers, finely divided metal 
particles, finely divided metal oxide particles, finely divided intermetallic compound particles, 
fibrous ferrite, and finely divided ferrite particles. 

[0010] 

Based on considerations of dispersibility, the fibers are preferably short fibers with a length no 
greater than 10 mm and the finely divided particles preferably have an average particle 
diameter of about 0.1 urn to 10 mm. An overly small particle diameter raises the propensity for 
secondary aggregates to form, which makes it difficult to obtain a uniform dispersion and 
impairs the handling characteristics. An overly large particle diameter raises the tendency for 
sedimentation to occur, which makes it difficult to obtain a uniform dispersion, and also 
facilitates the occurrence of a localized heat production, which makes it difficult to uniformly 
introduce heat into the matrix material. 

[0011] 

The known thermosetting resins can be used — as a function of the intended application — as 
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the thermosetting material comprising the matrix. The use is preferred, however, of the known 
resins that undergo heat-induced crosslinking reactions based on considerations of the 
effective utilization of the heat-producing capacity of the radio wave-absorbing substance. For 
the same reason, use can also be made of resins whose curing reaction is accelerated by 
heating, even if this requires the addition of crosslinking agent. Silicone resins, phenolic 
resins, urea resins, melamine resins, unsaturated polyesters, urethane resins, epoxy resins, 
and allyl resins are preferred thermosetting materials. Silicone resins and particularly silicone 
RTV rubbers are preferred based on considerations of the electrical properties, weathering 
resistance, chemical resistance, handling properties, and ease of acquisition. 

[0012] 

Two-package thermoplastic materials that employ a curing agent can be exemplified by 
bisphenol A-type epoxy resins, novolac-type epoxy resins, and multifunctional epoxy resins. In 
the case of these materials, a general-purpose curing agent, for example, diamine, polyamine, 
polyamide, or phthalic anhydride, is added immediately before application (filling) to the 
intended site. In addition to use by themselves, these thermosetting materials can also be 
used in the form of fiber-reinforced resins (FRP) in which the known reinforcing fibers are 
intermixed. 

[0013] 

The blending ratio between the thermosetting resin and the radio wave-absorbing substance 
can be selected as appropriate as a function of, for example, the desired thermal 
characteristics and the post-cure strength. However, since the amount of heat generated upon 
exposure to electromagnetic radiation is proportional to the concentration of radio wave- 
absorbing substance per unit volume, the amount of radio wave-absorbing substance blended 
into the thermosetting resin should in general be determined by considering the Joule heat that 
will be produced by the radio wave-absorbing substance for the prescribed strength of the 
electromagnetic radiation. For example, a small quantity of addition may be satisfactory when 
the curing reaction can be induced at a point at which the thermosetting resin is merely warm, 
while a large quantity of addition will be required when a fairly high temperature is preferred for 
initiation or acceleration of the curing reaction. Thus, the blending ratio should be selected as 
appropriate based on the intended purpose and the materials used. However, about 0.01 to 
10 volume% should in general be blended with respect to the thermosetting material, while 
about 0.1 to 1 volume% is preferred. 
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[0014] 

The inventive radio wave-absorbing reactive material is prepared by producing a uniform solid 
dispersion of the microparticulate or fibrous radio wave-absorbing substance in the, for 
example, thermosetting material. The known solid dispersion methods can be used for this 
purpose. For example, just as for the production of FRP containing metal fiber or carbon fiber 
as reinforcement, the fibrous or particulate radio wave-absorbing substance can be introduced 
in the final stage of the blending of the thermosetting material and mixing can be continued 
until a thorough dispersion is achieved. The process of kneading, stirring, and mixing must be 
continued until a uniform dispersion is obtained, and will generally be carried out for about 1 to 
10 hours. The tube pumps, screw pumps (NEMO pump), gear pumps, planetary 
mixer/degassing equipment, etc., typically used for mixing high-viscosity solutions can be used 
for the mixing/dispersing process under consideration. In a preferred embodiment, blending is 
carried out under a reducing atmosphere based on considerations of material stability. In 
order to avoid the risk of explosion during heating, in another preferred embodiment kneading 
is carried out with degassing, under atmospheric pressure using the aforementioned planetary 
mixer/degassing equipment, or under a vacuum. 

[0015] 

The thermoshrinking material can be exemplified by noncrystalline polyester resins and by 
materials afforded by molding and stretching polyester resin, polyethylene resin, polypropylene 
resin, polyvinyl chloride resin, polystyrene resin, etc. These can be used as the matrix material 
just like the thermosetting resins. Rather than being used directly, they give better results 
when used as moldings, such as washers, bolts, etc., to connect a plurality of elements. This 
method of application can be explained more specifically as follows: two or more members are 
joined using bolts molded from thermoshrinking material that contains radio wave-absorbing 
substance; these joining elements are heated by exposure to electromagnetic radiation, 
thereby effecting joining while generating a pressing pressure due to shrinkage of the washer 
and bolt. When this operation is carried out, a sheet comprising thermoplastic material with 
the aforementioned radio wave-absorbing substance dispersed therein can be sandwiched 
between two or more of the members. The thermoplastic material will then be melted during 
the exposure to electromagnetic radiation. As a consequence, the bonded members will be 
tightly joined by the pressing pressure due to the washer and bolt, while at the same time, the 
thermoplastic material, having cooled and solidified after the end of exposure to the 
electromagnetic radiation, enables bonding and joining to be carried out with a strong seal. 
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[0016] 

When thermosetting material is used as the matrix material in this invention, it will be possible 
to use a metal pipe with a large number of holes in the end as an embedding pipe, to fill this 
pipe with the radio wave-absorbing heat-reactive material prior to its curing reaction, and, 
exploiting the fluidity, to fill the radio wave-absorbing heat-reactive material into a desired 
surrounding site from the holes in the end of the pipe by applying pressure with a dielectric 
cylinder. When this is done, the target site can be efficiently exposed to electromagnetic 
radiation since the metal pipe itself has an EM shielding character. The metal embedding pipe 
can be fixed in place by filling the inventive radio wave-absorbing reactive material into the 
desired site as described above, carrying out exposure to electromagnetic radiation to effect 
cure, and, facilitated by the occurrence of shrinkage, withdrawing the dielectric cylinder after 
curing. 

[0017] 

The inventive radio wave-absorbing reactive material can also be used in the form of moldings 
fabricated in advance in desired shapes. In specific terms, the handling properties can be 
improved by preparing pellet or granular moldings. Moldings in the form of a thin plate or 
sheet can be prepared when the material is to be used to bond two flat surfaces. Moldings can 
also be fabricated in the shape of bolts, nuts, washers, etc., as described below, in 
correspondence to the location of application or the goal of the operation. 

[0018] 

The inventive working method is characterized by 

filling, into a specified space on the adherend, a radio wave-absorbing reactive material in 
which a radio wave-absorbing substance capable of converting radio wave energy 
into heat is dispersed in a thermosetting or thermoshrinking resin matrix, and 

exposing the fill site to radio waves. 
The radio wave-absorbing reactive material is filled — either so as to contact the workpiece or 
as the working material itself — at a desired location where the operation will be carried out, 
and the fill location is then exposed to radio waves. The curing reaction is induced in the radio 
wave-absorbing reactive material by the heat thereby generated, and the inventive method is 
based on the procedure of achieving a complete cure after a specified reaction time. The 
inventive method offers the advantages of being applicable to a variety of parts and sites and 
of enabling very precise repair, bonding, filling, molding, etc. 
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[0019] 

In specific terms, when, for example, the radio wave-absorbing reactive material is filled and 
placed into a particular space in the workpiece and the fill site is exposed to radio waves, the 
radio wave-absorbing substance generates heat due to its exposure to the radio waves and 
this heat causes the fluid thermosetting material to undergo its curing reaction. Since the 
material filled so as to be in intimate contact with the space undergoes cure in this very state in 
which it conforms to the shape of the particular space, it can fill the gaps with a high degree of 
precision. When this method is applied to cracks in a wall, the cure of the material filled in the 
fluid state enables gapless filling of the cracks and makes possible a simple crack repair that 
will be able to block out moisture and air. When the space under consideration is a through 
hole, the gaps can be very efficiently filled by suctioning or drawing in the radio wave- 
absorbing reactive material from the opposite side. 

[0020] 

When two or more bonding elements are to be joined, they can be joined using joining 
members comprising bolts, washers, etc., molded from material that uses a thermoshrinking 
matrix material in the radio wave-absorbing reactive material. The joining members are then 
exposed to radio waves, causing shrinkage in the joining members and enabling a tight joining 
of the plurality of elements by the resulting pressing force. 

[0021] 

Processing or working is carried out by irradiating radio waves on a prescribed location of the 
inventive radio wave absorption-plastifiable material and inducing curing or shrinkage of the 
aforesaid radio wave-absorbing reactive material. The irradiating radio waves preferably effect 
a very efficient heat generation (Joule heat) by the radio wave-absorbing substance dispersed 
in the material. For example, electromagnetic radiation with wavelengths of about 1 m to 1 cm 
and microwaves are very suitable. 

[0022] 

Exposure to radio waves can be carried out by the usual methods. In general, however, a 
means for the localized emission of radio waves will be used based on energy efficiency 
considerations. For example, in a preferred embodiment as shown in Figure 1(A), a workpiece 
of radio wave absorption-plastifiable material 12 is exposed to radio waves (the direction of 
irradiation is illustrated by the arrows in the figure) from a radio wave emitter that employs a 
conical electromagnetic horn antenna 10. In a more preferred embodiment as shown in Figure 
1(B), the radio waves from the horn antenna 10 are focused by a parabolic antenna 14 
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(rotating parabolic reflector) positioned on the opposite side of the workpiece in which the radio 
wave absorption-plastifiable material 12 is disposed. By varying the position of this parabolic 
reflector 14, desired positions can be irradiated with focused radio waves as the focal point 
changes. 

[0023] 

In those cases where the conditions at the work site make it difficult to position the reflector on 
the opposite side, the electromagnetic radiation can be directly focused by the additional use 
of a radio wave focusing means, such as a dielectric lens 16, at the horn antenna 10. By then 
varying the position of the horn antenna 10 itself, desired positions can be irradiated by 
focused radio waves as the focal point provided by the dielectric lens 16 (refer to Figure 2) is 
varied. Alternatively, as shown in Figures 3(A) and 3(B), a flat reflector 18 or a parabolic 
reflector 14 can be placed just on the same side as the radio wave emitter 10 in order to block 
the electromagnetic radiation backscattering to the irradiation side and to efficiently focus the 
energy at the work site. Particularly as shown in Figure 3(B), the use of a parabolic reflector 
14 on the same side as the radio wave emitter 10 makes it possible to reflect and focus the 
backscattered energy. The positioning of radio wave absorbers 20 around the reflectors 14 
and 18 also makes it possible to improve the blocking efficiency. 

[0024] 

As shown in Figures 4(A) and 4(B), the positioning of a flat reflector 18 or parabolic reflector 14 
on both the radio wave emission side and the opposite side therefrom can provide reflection 
between the two extremes and can thereby provide additional improvements in the energy 
efficiency. In terms of the set up, two flat reflectors (see Figure 4(A)), two parabolic reflectors 
(Figure 4(B)), or a flat reflector and a parabolic reflector can be set up. A Fabry-Perot 
oscillator can be set up when the gap can be precisely controlled, which enables an even more 
efficient focusing of the energy on the work site. Since the energy will be collected in the 
middle considering the thickness as a whole, it will be useless to also move the focal point in 
this case. 

[0025] 

The preceding concerns efficient methods of exposure to the electromagnetic radiation. 
However, in order to lessen the impact of the electromagnetic radiation on other structures and 
on the human worker, the radio waves from the horn antenna can also be reflected from a 
reflector positioned on the opposite side of the workpiece in order to stop dissemination of the 
radio waves outside the region whose irradiation is desired. 
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[0026] 

The electrically conductive radio wave-absorbing substance, e.g., metal fiber, carbon fiber, 
etc., present in the inventive radio wave-absorbing reactive material is heated by exposure to 
electromagnetic radiation. This occurs because the radio wave-absorbing substance itself acts 
as a microantenna for the electromagnetic radiation and Joule heat is generated at this point 
by the current flowing on the antenna. The processing or working is carried out by the curing 
or shrinkage of the thermoplastic material (matrix) due to this heating. If, accompanying this 
heat-generating reaction, the material that is itself acting as an antenna, e.g., the metal or 
carbon fiber, should melt or suffer from a loss of conductivity due to, for example, oxidation, 
the material as a whole can also fail to exhibit a radio wave-absorbing capacity. When such a 
phenomenon occurs, the radio wave-absorbing substance present near the radio wave emitter 
is the first to react and lose its radio wave-absorbing capacity. The electromagnetic reaction 
reaches the unreacted zone of radio wave-absorbing substance present at a location at a 
distance from the radio wave emitter, and the heat-generating reaction is produced at that 
point. This is repeated in sequence, and the reaction will proceed into the depth of the radio 
wave-absorbing reactive material, which makes possible precise execution in a deep member. 

[0027] 

Examples 

The invention is described in detail in the following using working examples, but this invention 
is not limited to these working examples. 

Example 1 

Production of radio wave-absorbing reactive material 

1.0 volume% carbon fiber (radio wave-absorbing substance, average fiber length = 6 mm) was 
blended into a base of silicone resin (thermoplastic matrix, silicone RTV rubber from Shin Etsu 
Silicone). Thorough kneading for 5-10 minutes with a melt-mixer yielded a radio wave- 
absorbing reactive material in which the carbon fiber was uniformly dispersed in the matrix. 

[0028] 

Crack repair with thermosetting material 

The crack in a cracked concrete block, see Figure 5(A), was repaired. The above-described 
radio wave-absorbing reactive material 12 was mixed with the specified curing agent and was 
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immediately filled into the crack in the concrete block 20 (Figure 5(A)). The crack filled with the 
particulate [sic] radio wave-absorbing reactive material 1 2 and the region neighboring the 
crack were exposed to electromagnetic radiation (illustrated by the arrows in the figure; 
irradiation conditions: 2.45 GHz, 10-50 kW) from a horn antenna 10 (Figure 5(B)). Heating of 
the metal fiber (radio wave-absorbing substance) by exposure to the electromagnetic radiation 
resulted in an acceleration of the curing reaction in the thermosetting silicone resin, which in 
turn resulted in cure of the radio wave-absorbing reactive material 12 filled in the crack and 
completion of crack repair. Due to filling by the radio wave-absorbing reactive material 12 in a 
fluid state, the crack was filled without gaps, and it was confirmed that a repair completely 
bonded to the sides of the crack had been carried out at the repair site. 

[0029] j 

Example 2 

Preparation of moldings of radio wave-absorbing reactive material 

1 volume% carbon fiber (radio wave-absorbing substance, average fiber length = 6 mm) was 
blended into amorphous polyethylene terephthalate (heat-reactive matrix). Thorough kneading 
for 3 hours in a melt-mixer under a reducing atmosphere yielded a radio wave-absorbing 
reactive material in which the carbon fiber was uniformly dispersed in the matrix. This radio 
wave-absorbing reactive material was molded into bolt-shaped and nut-shaped moldings 
(moldings of radio wave-absorbing reactive material). 

[0030] 

Bonding of thermoplastic blocks 

The bonding of two thermoplastic blocks will be described. Two U-shaped thermoplastic 
blocks as illustrated in Figure 6(A) were bonded. Figures 6(A) and 6(B) contain schematic 
drawings that illustrate the bonding configuration for the thermoplastic blocks of Example 2. A 
radio wave-absorbing plastifiable molding 30 was fabricated by blending 1 .0 volume% carbon 
fiber (radio wave-absorbing substance, average fiber length = 6 mm) into acrylic thermoplastic 
resin; thoroughly kneading for 3 hours in a melt-mixer under a reducing atmosphere while 
heating at 150-200°C to give a thermoplastic material in which the carbon fiber was uniformly 
dispersed in the resin; and molding this thermoplastic material into sheet with a thickness of 1 
mm. The radio wave-absorbing plastifiable molding 30 (sheet) was sandwiched between two 
thermoplastic blocks 22, 24 (thickness = 5 cm), and these were then fixed together using the 
bolt 34 and nut 36 molded from the previously prepared radio wave-absorbing reactive 
material (Figure 6(A)). The sheet-form radio wave-absorbing plastifiable molding 12 [sic], the 
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bolt 34 and nut 36 molded of radio wave-absorbing reactive material, and the neighboring 
region were exposed to electromagnetic radiation (illustrated by the arrows in the figure; 
irradiation conditions: 2.45 GHz, 500 W-1 kW) from a horn antenna 10. The radio wave- 
absorbing plastifiable molding 12 [sic], upon absorbing the electromagnetic radiation, was 
melted by the heat generated from the radio wave-absorbing substance residing therein and 
melted and joined the neighboring thermoplastic blocks. In addition the bolt 34 and nut 36 
molded from radio wave-absorbing reactive material shrank due to the heat generated by the 
radio wave-absorbing substance residing therein, which resulted in an even stronger bonding 
and fixing of the workpieces. The workpieces themselves, that is, the thermoplastic blocks 22, 
24, were permeable to the electromagnetic radiation and were therefore unaffected by it. 
When exposure to the electromagnetic radiation was halted, the radio wave-absorbing 
plastifiable material 30 underwent natural cooling and resolidified, resulting in a strong bonding 
operation between the two thermoplastic blocks 22, 24 through cooperation with the pressing 
force due to shrinkage of the bolt 34 and nut 36. It was confirmed that this bonding site was 
completely bonded with the outside of the blocks and could block moisture and gas. 

[0031] 

Example 3 

A metal pipe was fixed in place by filling the radio wave-absorbing reactive material prepared 
in Example 1 into a prescribed cavity in a radio wave-permeable material, for example, 
concrete. 

Immobilization of metal pipe in a cavity 

As shown in Figure 7, a metal pipe 38 having a large number of holes in one end was used as 
an embedding pipe. The radio wave-absorbing thermally reactive material 12 was filled, prior 
to its curing reaction, into an embedding pipe 38 that had been positioned in a specific cavity in 
a concrete block 40, and was filled, utilizing its fluidity, into the surroundings from the holes in 
the end of the pipe through the application of pressure by a dielectric piston 42. This enabled 
efficient irradiation of the target site with electromagnetic radiation since the metal pipe 38 itself 
had EM shielding properties. After the inventive radio wave-absorbing reactive material had 
been filled into the prescribed site, the material 12 filled into the prescribed position was cured 
by exposure to electromagnetic radiation (shown by the arrows in the figure; irradiation 
conditions: 2.45 GHz, 500 W-1 kW). The metal embedding pipe 38 became strongly fixed in 
place during curing, while heat shrinkage by the material made it possible to withdraw the 
dielectric piston 42 and re-use it. Proceeding in the described manner, metal pipe could be 



Takenaka Corporation 



JP 2000-204272 A 



translation pagination: page 16 of 20 pages 



fixed in place in a prescribed cavity. 
[0032] 

Advantageous Effects of the Invention 

This invention enables the facile execution of processes such as precision bonding, molding, 
repair work, etc., in the technical sectors of machining and construction. This invention 
provides a radio wave-absorbing reactive material that provides a worked or processed part 
with a good heat resistance and also provides moldings comprising this radio wave-absorbing 
reactive material pre-molded into process-adapted shapes. The working methods according to 
this invention enable the facile execution in the technical sectors of machining and construction 
of processes such as highly heat-resistant precision bonding, molding, repair work, etc. 

Brief Description of the Drawings 

Figure 1(A) contains a schematic drawing that illustrates irradiation of the inventive radio wave- 
absorptively plastifiable material with radio waves using a horn antenna. Figure 1(B) contains 
a schematic drawing that illustrates the co-use of a parabolic reflector of the electromagnetic 
radiation. 

Figure 2 contains a schematic drawing that illustrates the use of a dielectric lens that 
condenses the radio waves at the horn antenna. 

Figure 3(A) contains a schematic drawing that shows the positioning of a flat plate reflector on 
the horn antenna side. Figure 3(B) contains a schematic drawing that shows the positioning of 
a parabolic reflector on the horn antenna side. 

Figure 4(A) contains a schematic drawing that illustrates the positioning of a flat plate reflector 
on both sides of the workpiece. Figure 4(B) contains a schematic drawing that illustrates the 
similar positioning of parabolic reflectors. 

Figure 5(A) contains a schematic drawing that illustrates the filling of radio wave-absorbing 
reactive material (matrix = silicone rubber) into a crack in a block. Figure 5(B) contains a 
schematic drawing that illustrates the exposure of this radio wave-absorbing reactive material 
with electromagnetic radiation from a horn antenna. 
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Figure 6(A) contains a schematic drawing that illustrates the assembly of two U-shaped blocks 
using a bolt and nut that are moldings of radio wave-absorbing reactive material, wherein radio 
wave absorption-plastifiable material is sandwiched between the blocks. Figure 6(B) contains 
a schematic drawing that illustrates irradiation of the bolt, nut, and radio wave absorption- 
plastifiable material by electromagnetic radiation using a horn antenna. 

Figure 7 contains a schematic drawing that illustrates the immobilization of an embedding pipe 
in a concrete block using the inventive radio wave-absorbing reactive material. 



[Reference Symbols] 



10 horn antenna (radio wave emitter) 

12 radio wave-absorbing reactive material 

14 parabolic reflector 

16 dielectric lens 

18,19 flat plate reflector 

22, 24 U-shaped block of thermoplastic material 

30 radio wave-absorbing reactive material 

34 bolt made of radio wave-absorbing reactive material 

36 nut made of radio wave-absorbing reactive material 

38 metal embedding pipe 

42 dielectric piston 
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